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Discussion
1      Introduction
The work item “New Radio Access Technology” was approved in RAN #75 [1]. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [TR38.913]. 
In previous RAN1 meetings, the following agreements on UL grant-free transmission for URLLC were achieved.

Agreements in RAN1 Ad Hoc:

· For an UL transmission scheme without grant

· at least semi-static resource (re-)configuration is supported

· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters

· Higher-layer signaling could be similar to Rel-8 LTE SPS

· FFS: MCS

· For an UL transmission scheme with/without grant

· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported

· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions

Agreements in RAN1#88:
· For UL transmission without grant,

· The resource configuration includes at least the following

· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly

· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details

· FFS: The number of repetitions K

· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 

· An ACK is successfully received from gNB

· The number of repetitions for the TB reaches K

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met

· If an UL grant is successfully received for a slot/mini-slot for the same TB

· FFS: How to determine the grant is for the same TB

· FFS: An acknowledgement/indication of successful receiving of that TB from gNB

· The number of repetitions for that TB reaches K

· FFS: Whether it is possible to determine if the grant is for the same TB

· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

Agreements in RAN1#89:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied

· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

In this contribution, we discuss the aspects of resource configuration and HARQ operation for UL grant-free transmission to support URLLC.
2      Discussion
In grant-based transmissions, UE sends a scheduling-request before it is allowed to transmit data packets in the subsequent data frames. This leads to excessive latency. As was agreed, UL grant-free transmission scheme is supported for URLLC. Grant-free transmission is effective in latency reduction since the latency related to the transmission of SR and UL grant can be removed.
It was agreed that the resources for UL grant-free transmission can be semi-statically allocated. The allocated resource can be dedicated for each individual URLLC UE or shared among multiple UEs. The basic principle of the dedicated resource allocation is that the resource can be reserved with a pre-configured periodicity. The dedicated resource allocation is beneficial for periodic small packet traffic. However, for aperiodic/sporadic traffic, significant amount of reserved resources may be wasted. Therefore, in order to improve the resource utilization, contention based UL transmission with resources shared among multiple UEs should be considered. For the contention based UL transmission, a resource pool can be configured for multiple UEs. The resources for UL grant-free transmission can be configured as the dedicated resources or a resource pool shared among multiple UEs.

Proposal 1: The resources for UL grant-free transmission can be configured as the dedicated resources or a resource pool shared among multiple UEs.
In comparison, the dedicated resource allocation can avoid transmission collision but the resource utilization can be reduced; while the contention based transmission can improve resource utilization but the transmission collision is inevitable. Thus, in order to balance the efficient resource utilization and transmission collision, both the dedicated resources and the resource pool can be configured simultaneously. The dedicated resources are reserved with minimal size to support very small packet transmission. The resource pool can be shared among multiple UEs. When a URLLC UE need UL transmission, the UE can determine whether to adopt the dedicated resource or the resources from the resource pool according to the packet size. If the packet size is small enough, the UE can adopt the dedicated resource for UL transmission. Otherwise, the UE can adopt the resources from the resource pool for UL transmission. 
Proposal 2: Both the dedicated resources and the resource pool can be configured simultaneously for UL grant-free transmission.
For UL grant-free transmission, due to lack of UL grant, gNB needs to identify the UE explicitly or implicitly. For the UL grant-free transmission using dedicated resources, since the dedicated resource is allocated to the specific UE by gNB with a pre-configured periodicity, gNB can identify the UE by blind decoding on the dedicated resource implicitly. For UL grant-free transmission using the resources from the resource pool, DM-RS can be considered for UE identification as well as channel estimation. 
Proposal 3: For the UL grant-free transmission using dedicated resources, gNB can identify the UE by blind decoding on the dedicated resource implicitly. For UL grant-free transmission using the resources from the resource pool, DM-RS can be considered for UE identification.
For the cases that multiple UEs are configured with the resource pool, the transmission is based on contention and there might be collisions among UEs. In order to fulfil low collision rate, the resources for data transmission should be carefully configured. Frequency hopping between grant-free repetitions can be considered to reduce collision between multiple UEs. Considering the reliability of UE identification and channel estimation, orthogonal DM-RS parameters for multiple UEs are desirable. Due to the limited DM-RS parameters, the maximum number of UEs sharing the resource pool should be limited. Furthermore, in order to avoid the collision on the resources that already occupied by one certain UE, gNB can broadcast the status of the resources in the resource pool via a group-common DCI. After detecting this group-common DCI, UE can avoid the transmission on the occupied resources and select the other spare resources in the resource pool.
Proposal 4: Frequency hopping between grant-free repetitions can be considered to reduce collision between multiple UEs. 

Proposal 5: The maximum number of UEs sharing the resource pool should be limited.

Proposal 6: In order to avoid the collision on the resources that already occupied by one certain UE, gNB can broadcast the status of the resources in the resource pool via a group-common DCI.
More than 1 HARQ process can be considered for UL grant-free transmission. The exact number of HARQ process can be configurable. In case of more than 1 HARQ process, gNB needs to identify the HARQ process ID for data combining. The HARQ process ID can be determined based on the resources used for the first transmission slot/mini-slot and different DM-RS parameters. In order to improve the reliability, the retransmission should be grant-based to avoid collision in frequency and/or time domain. NDI field in the DCI can explicitly indicate whether it’s initial transmission or retransmission.
Proposal 7: The HARQ process ID can be determined based on the resources used for the first transmission slot/mini-slot and different DM-RS parameters.
For grant based transmission, there is an ACK or NACK feedback provided after each HARQ transmission. In this way, UE can know whether it needs retransmission. For UL grant-free transmission, in order to improve latency and reliability, it was agreed that K repetitions including initial transmission for the same transport block are supported. As a result, the ACK/NACK feedback channel may not be mapped one-to-one to each transmission and it should reflect the current decoding situation of the TB of all the available transmissions at the time of ACK/NACK feedback. LTE PHICH-like channel can be considered for the HARQ-ACK feedback. However, since gNB does not know when to terminate the UL transmission, this kind of mechanism needs to reserve plenty of resources for HARQ-ACK feedback, which can degrade spectral efficiency. Taking the overhead and spectral efficiency into account, the group-common DCI can be considered for early termination when repetitions are configured.
Proposal 8: The group-common DCI can be considered for early termination when repetitions are configured.
3      Conclusions
In this contribution, the resource configuration and HARQ operation for UL grant-free transmission are discussed. We have following proposals:
Proposal 1: The resources for UL grant-free transmission can be configured as the dedicated resources or a resource pool shared among multiple UEs.
Proposal 2: Both the dedicated resources and the resource pool can be configured simultaneously for UL grant-free transmission.
Proposal 3: For the UL grant-free transmission using dedicated resources, gNB can identify the UE by blind decoding on the dedicated resource implicitly. For UL grant-free transmission using the resources from the resource pool, DM-RS can be considered for UE identification.
Proposal 4: Frequency hopping between grant-free repetitions can be considered to reduce collision between multiple UEs. 

Proposal 5: The maximum number of UEs sharing the resource pool should be limited.

Proposal 6: In order to avoid the collision on the resources that already occupied by one certain UE, gNB can broadcast the status of the resources in the resource pool via a group-common DCI.
Proposal 7: The HARQ process ID can be determined based on the resources used for the first transmission slot/mini-slot and different DM-RS parameters.
Proposal 8: The group-common DCI can be considered for early termination when repetitions are configured.
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